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(57) ABSTRACT 

The invention includes methods of forming ?eld effect 
transistors, methods of forming ?eld effect transistor gates, 
methods of forming integrated circuitry comprising a tran 
sistor gate array and circuitry peripheral to the gate array, 
and methods of forming integrated circuitry comprising a 
transistor gate array including ?rst gates and second 
grounded isolation gates. In one implementation, a method 
of forming a ?eld effect transistor includes forming masking 
material over semiconductive material of a substrate. A 
trench is formed through the masking material and into the 
semiconductive material. Gate dielectric material is formed 
Within the trench in the semiconductive material. Gate 
material is deposited Within the trench in the masking 
material and Within the trench in the semiconductive mate 
rial over the gate dielectric material. Source/drain regions 
are formed. Other aspects and implementations are contem 
plated. 
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METHODS OF FORMING FIELD EFFECT 
TRANSISTORS, METHODS OF FORMING FIELD 
EFFECT TRANSISTOR GATES, METHODS OF 

FORMING INTEGRATED CIRCUITRY 
COMPRISING A TRANSISTOR GATE ARRAY AND 
CIRCUITRY PERIPHERAL TO THE GATE ARRAY, 
AND METHODS OF FORMING INTEGRATED 

CIRCUITRY COMPRISING A TRANSISTOR GATE 
ARRAY INCLUDING FIRST GATES AND SECOND 

GROUNDED ISOLATION GATES 

TECHNICAL FIELD 

[0001] This invention relates to fabrication of ?eld effect 
transistors and components thereof. 

BACKGROUND OF THE INVENTION 

[0002] Field effect transistors are common devices utilized 
in integrated circuitry, for example in logic circuitry, 
memory circuitry and control circuitry for memory circuitry. 
Such devices typically comprise a pair of source/drain 
regions having a channel region received therebetWeen. A 
conductive gate is provided operably proximate the channel 
region, and is spaced therefrom by a gate dielectric region. 
Application of a suitable voltage to the conductive gate 
causes current ?oW betWeen the source/drain regions 
through the channel region. 

[0003] By Way of example only, the conductive material of 
the gate might be formed above or over semiconductive 
material or Within openings formed in the semiconductive 
material, and for example Whether Within bulk monocrys 
talline substrate material or Within semiconductor-on-insu 
lator material. When formed Within trenches or other open 
ings in semiconductive material, some of such are referred 
to as recessed access devices. Here, masking material is 
provided over the semiconductive material of the substrate 
and patterned to form gate line trenches Within the substrate. 
With the trenches so formed, the masking material is 
removed, and then a gate dielectric is formed Within the 
trench openings, for example by thermal oxidation of 
exposed semiconductive material Within the trench. Gate 
material is then deposited to over?ll the trenches. The gate 
material received outWardly of the trenches is then pat 
terned, typically using photolithography and etch, to form 
desired gate outlines over the trenches Within Which the gate 
material is also received. 

[0004] Typically, the gate material patterning forms the 
gate lines over the trenches to be very close to or of the same 
Width as the underlying trenches. Photomask misalignment 
can undesirably place an edge of the desired gate line pattern 
Within the lateral con?nes of the previously etched trench. 
This is highly undesirable, as the gate pattern etch can etch 
gate material Within the trench, ultimately leading to cir 
cuitry failure or at least unacceptable device con?guration 
and performance. 

[0005] While the invention Was motivated in addressing 
the above identi?ed issues, it is in no Way so limited. The 
invention is only limited by the accompanying claims as 
literally Worded, Without interpretative or other limiting 
reference to the speci?cation, and in accordance With the 
doctrine of equivalents. 

SUMMARY 

[0006] The invention includes methods of forming ?eld 
effect transistors, methods of forming ?eld effect transistor 

Aug. 2, 2007 

gates, methods of forming integrated circuitry comprising a 
transistor gate array and circuitry peripheral to the gate 
array, and methods of forming integrated circuitry compris 
ing a transistor gate array including ?rst gates and second 
grounded isolation gates. In one implementation, a method 
of forming a ?eld effect transistor includes forming masking 
material over semiconductive material of a substrate. A 
trench is formed through the masking material and into the 
semiconductive material. Gate dielectric material is formed 
Within the trench in the semiconductive material. Gate 
material is deposited Within the trench in the masking 
material and Within the trench in the semiconductive mate 
rial over the gate dielectric material. Source/drain regions 
are formed. 

[0007] In one implementation, a method of forming a ?eld 
effect transistor gate includes forming a silicon nitride 
comprising masking material over semiconductive material 
of a substrate. A trench is formed through the silicon 
nitride-comprising masking material and into the semicon 
ductive material. Silicon nitride of the masking material is 
removed after forming the trench into the semiconductive 
material. Prior to removing silicon nitride of the masking 
material, gate dielectric material is formed Within the trench 
in the semiconductive material. Gate material is deposited 
Within the trench in the semiconductive material over the 
gate dielectric material. 

[0008] In one implementation, a method of forming inte 
grated circuitry comprising a transistor gate array and cir 
cuitry peripheral to the gate array includes forming masking 
material over semiconductive material of a substrate. Array 
circuitry trenches are formed through the masking material 
and into the semiconductive material. Array gate material is 
deposited Within the array circuitry trenches in the masking 
material and Within the array circuitry trenches in the 
semiconductive material. After depositing the array gate 
material, peripheral circuitry trenches are formed through 
the masking material. Peripheral circuitry gate material is 
deposited Within the peripheral circuitry trenches Within the 
masking material. 

[0009] In one implementation, a method of forming inte 
grated circuitry comprising a transistor gate array and cir 
cuitry peripheral to the gate array includes forming masking 
material over semiconductive material of a substrate. Array 
circuitry trenches are formed through the masking material 
and into the semiconductive material. Array gate material is 
deposited Within the array circuitry trenches in the masking 
material and Within the array circuitry trenches in the 
semiconductive material. Peripheral circuitry trenches are 
formed through the array gate material and through the 
masking material. Peripheral circuitry gate material is 
deposited Within the peripheral circuitry trenches Within the 
array gate material and Within the masking material. 

[0010] In one implementation, a method of forming ?eld 
effect transistor gates includes forming masking material 
over semiconductive material of a substrate. The substrate 
comprises a trench isolation region. In a common masking 
step, a ?rst trench is formed through the masking material 
and into the semiconductive material and a second grounded 
isolation gate trench is formed through the masking material 
over the trench isolation region. In a common deposition 
step, gate material is deposited Within the ?rst trench and 
second trench. 
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[0011] In one implementation, a method of forming inte 
grated circuitry comprising a transistor gate array including 
?rst gates and second grounded isolation gates comprises 
forming masking material over semiconductive material of 
a substrate. The substrate comprises trench isolation regions. 
First trenches are formed through the masking material and 
into the semiconductive material for the ?rst gates. Second 
grounded isolation gate trenches are formed through the 
masking material over the trench isolation regions. Gate 
material is deposited Within the ?rst and second trenches. 

[0012] Other aspects and implementations are contem 
plated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 

[0014] FIG. 1 is a diagrammatic sectional vieW of a 
semiconductor substrate fragment in process in accordance 
With an aspect of the invention. 

[0015] FIG. 2 is a vieW of the FIG. 1 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 1. 

[0016] FIG. 3 is a vieW of the FIG. 2 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 2. 

[0017] FIG. 4 is a vieW of the FIG. 3 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 3. 

[0018] FIG. 5 is a vieW of the FIG. 4 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 4. 

[0019] FIG. 6 is a vieW of the FIG. 5 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 5. 

[0020] FIG. 7 is a vieW of the FIG. 6 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 6. 

[0021] FIG. 8 is a vieW of the FIG. 7 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 7. 

[0022] FIG. 9 is a vieW of the FIG. 8 substrate fragment at 
a processing step subsequent to that shoWn by FIG. 8. 

[0023] FIG. 10 is a vieW of the FIG. 9 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 9. 

[0024] FIG. 11 is a vieW of the FIG. 10 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 10. 

[0025] FIG. 12 is a vieW of the FIG. 11 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 11. 

[0026] FIG. 13 is a vieW ofthe FIG. 12 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 12. 

[0027] FIG. 14 is a vieW ofthe FIG. 13 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 13. 

[0028] FIG. 15 is a diagrammatic sectional vieW of an 
alternate embodiment semiconductor substrate fragment in 
process in accordance With an aspect of the invention. 

[0029] FIG. 16 is a vieW ofthe FIG. 15 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 15. 

[0030] FIG. 17 is a vieW ofthe FIG. 16 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 16. 
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[0031] FIG. 18 is a diagrammatic sectional vieW of 
another alternate embodiment semiconductor substrate frag 
ment in process in accordance With an aspect of the inven 
tion. 

[0032] FIG. 19 is a vieW ofthe FIG. 18 substrate fragment 
at a processing step subsequent to that shoWn by FIG. 18. 

[0033] FIG. 20 is a diagrammatic sectional vieW of still 
another alternate embodiment semiconductor substrate frag 
ment in process in accordance With an aspect of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 

[0035] The invention includes methods of forming ?eld 
effect transistor gates, methods of forming ?eld effect tran 
sistors, and methods of forming integrated circuitry com 
prising a transistor gate array and circuitry peripheral to the 
gate array. The discussion proceeds primarily With reference 
to forming integrated circuitry comprising a transistor gate 
array and circuitry peripheral to the gate array, While the 
artisan Will appreciate aspects of the invention apply to 
forming a single ?eld effect transistor as Well as to multiple 
?eld effect transistors, and one or more ?eld effect transistor 
gates thereof. 

[0036] Referring initially to FIG. 1, a semiconductor sub 
strate in process is indicated generally With reference 10. In 
the context of this document, the term “semiconductor 
substrate” or “semiconductive substrate” is de?ned to mean 
any construction comprising semiconductive material, 
including, but not limited to, bulk semiconductive materials 
such as a semiconductive Wafer (either alone or in assem 
blies comprising other materials thereon), and semiconduc 
tive material layers (either alone or in assemblies comprising 
other materials). The term “substrate” refers to any support 
ing structure, including, but not limited to, the semiconduc 
tive substrates described above. Substrate 10 is depicted as 
comprising an array area or region 12 Within Which a ?eld 
effect transistor gate array Will be fabricated and a peripheral 
circuitry area 14 peripheral to gate array area 12. By Way of 
example only, array area 12 might be utiliZed for fabrication 
of memory circuitry, for example DRAM circuitry, While 
peripheral circuitry area 14 might include control circuitry 
for operating/controlling memory circuitry Within array area 
12. Alternate con?gurations are of course contemplated, for 
example utiliZing gate arrays and ?eld effect transistors 
Within logic, control or other circuitries. 

[0037] Substrate 10 is depicted as comprising semicon 
ductive material 11, for example bulk monocrystalline sili 
con. Other semiconductive material substrates are also of 
course contemplated, for example semiconductor-on-insu 
lator substrates, and Whether existing or yet-to-be devel 
oped. Semiconductive material 11 is ideally suitably back 
ground doped, or doped to form a doped Well, to be of a 
suitable conductivity type(s) and concentration(s). Exem 
plary preferred trench isolation regions 13, 15, 16, 17 and 18 
have been fabricated relative to semiconductive substrate 
material 11. 
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[0038] Referring to FIG. 2, masking material 20 has been 
formed over semiconductive material 11 of substrate 10. 
Such is depicted as comprising an innermost pad oxide layer 
22 (exemplary preferred thickness range of from 30 Ang 
stroms to 100 Angstroms), a masking layer 24 of different 
composition to that of material 22 received over material 22 
(a preferred exemplary thickness range being from 50 Ang 
stroms to 300 Angstroms), and a masking layer 26 formed 
over and of different material to that of masking layer 24 (an 
exemplary preferred thickness range being from 1,000 Ang 
stroms to 3,000 Angstroms). Some or all of masking mate 
rial 20 might be sacri?cial, thereby being ultimately 
removed from the substrate. Accordingly, some portions or 
all of masking material 20 might be any of electrically 
insulative, semiconductive, or conductive. An exemplary 
preferred material for layer 24 is silicon nitride, While an 
exemplary preferred material for layer 26 is undoped silicon 
dioxide. A further exemplary alternate embodiment, and by 
Way of example, forms layer 24 to comprise silicon dioxide 
and layer 26 to comprise silicon nitride. Regardless and 
accordingly in but only one preferred implementation, 
masking material 20 comprises silicon dioxide and silicon 
nitride, and in a more preferred embodiment comprises 
silicon dioxide received over silicon nitride. 

[0039] In one preferred implementation, layer 26 can be 
considered as comprising an outer insulative material layer 
and layer 24 can be considered as comprising an inner 
insulative material layer, Wherein the outer insulative mate 
rial layer is selectively etchable relative to the inner insu 
lative material layer, and independent of Whether another 
insulative material layer (such as layer 22) is received 
inWardly of inner insulative material layer 24. In one pre 
ferred implementation, outer insulative material layer 26 is 
thicker than inner insulative material layer 24, and in one 
preferred implementation as shoWn, contacts inner insula 
tive material layer 24. Further in the depicted exemplary 
embodiment, outer insulative material layer 26 is the out 
ermost material of masking material 20 at least at the 
conclusion of its patterning. Further, layer 24 is preferably 
thicker than layer 22 in but one exemplary implementation. 

[0040] Referring to FIG. 3, array circuitry trenches 28 
have been formed through masking material 20. An exem 
plary preferred technique includes photolithographic pat 
terning and etch using one or more photoresist or other 
layers (not shoWn). FIG. 3 depicts such photoresist or other 
layers as having been removed over masking material 20, 
although some or all of such might remain at the conclusion 
of the FIG. 3 processing Where photolithography is utiliZed. 

[0041] Referring to FIG. 4, masking material 20 has been 
utiliZed as a mask to form array circuitry trenches 30 into 
semiconductive material 11. Accordingly in one preferred 
embodiment, depicted trenches 28 and 30 are formed using 
a single masking step, for example utiliZing photolithogra 
phy. An exemplary preferred depth range for trenches 30 
Within semiconductive material 11 from an outer surface 
thereof is from 300 Angstroms to 2,500 Angstroms. 

[0042] Referring to FIG. 5, gate dielectric material 32 has 
been formed Within trenches 30 in semiconductive material 
11. In one preferred implementation, at least a majority of 
gate dielectric material 32 is formed by thermal oxidation of 
semiconductive material 11 Within trenches 30. The depicted 
exemplary embodiment depicts essentially all of such gate 
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dielectric material having been formed by thermal oxidation, 
although deposition of gate dielectric material With or With 
out thermal oxidation of material 11 Within array trenches 30 
is also of course contemplated. 

[0043] Referring to FIG. 6, array gate material 34 has been 
deposited Within array circuitry trenches 28 Within masking 
material 20 and Within array circuitry trenches 30 Within 
semiconductive material 11, and over gate dielectric mate 
rial 32. Preferably, array gate material 34 is deposited to at 
least ?ll trenches 28 and 30, and most preferably to over?ll 
such trenches and also depositing gate material 34 to cover 
masking material 20. Exemplary preferred materials 34 
include conductively doped semiconductive materials, such 
as conductively doped polysilicon either in situ doped 
during deposition or subsequently. Other conductive mate 
rials might also be utiliZed, such as conductive metal or 
metal compounds but are not preferred at this point in the 
process. 

[0044] Referring to FIG. 7, after depositing array gate 
material 34, peripheral circuitry trenches 36 have been 
formed through masking material 20 and, in the depicted 
embodiment Where material 34 is received thereover, also 
through array gate material 34. FIG. 7 also depicts in one 
implementation fabrication of a grounded gate trench 37 
through masking material 20 Within array region 12, for 
example over one or more of the trench isolation regions. In 
the context of this document, a grounded gate is an isolation 
gate Which is fabricated to be received over at least some 
?eld isolation and held at ground or other suitable potential 
for providing an isolation function toWards precluding or 
reducing formation of parasitic ?eld effect transistor current 
?oW beneath or around ?eld isolation regions. If desired, 
some or all of trenches 36, 37 might be fabricated to 
etch/extend into material of semiconductive material 11 
and/or ?eld/trench isolation material. 

[0045] Referring to FIGS. 7 and 8, preferred embodiment 
trenches 36, 37 preferably expose semiconductive material 
11 of substrate 10. FIG. 8 depicts one preferred implemen 
tation Wherein a gate dielectric layer 38 is formed over 
exposed semiconductive material 11 Within peripheral cir 
cuitry trenches 36. Such might be formed, by Way of 
example only, by a thermal oxidation Wherein at least a 
majority of the gate dielectric layer is comprised of oxidiZed 
semiconductive material (as shoWn). Such might also of 
course be combined With or substituted by deposition of a 
gate dielectric layer With or Without thermal oxidation of 
substrate material 11. Further in the depicted exemplary 
embodiment, gate dielectric layer 38 also essentially forms 
over (and “on” as shoWn) array gate material 34, and Will 
typically be subsequently removed from thereover as 
described beloW. Regardless, the gate dielectric material 38 
might be the same or different as gate dielectric material 32 
of the array circuitry trenches 30, thereby enabling optimi 
Zation of gate dielectric for different areas of circuitry. A 
preferred manner of forming trenches 36 and 37 is in a single 
masking step common to the formation of both types of 
trenches, for example utiliZing photolithography. In certain 
implementations, one or both of trenches 36 and 37 might 
not be formed at all, or at other times if formed, and Which 
is described beloW by Way of example only in possible likely 
alternative embodiments. 

[0046] Regardless, FIG. 7 depicts one exemplary pre 
ferred embodiment Wherein grounded gate trenches in the 
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array and peripheral circuitry trenches are formed in the 
same masking step. Further, of course, grounded gate 
trenches might also be fabricated Within peripheral circuitry 
area 14. 

[0047] Referring to FIG. 9, peripheral circuitry gate mate 
rial 40 has been deposited Within peripheral circuitry 
trenches 36 Within masking material 20, and in the depicted 
exemplary embodiment Within the corresponding peripheral 
circuitry trenches also formed Within array gate material 34. 
Gate material 40 might be the same as or different from 
material 34, thereby enabling optimiZation of conductivity 
type and/or Work function of the conductive gate material 
being formed for different gates. Further in the depicted 
exemplary embodiment, peripheral circuitry gate material 
40 is also utiliZed in the fabrication of grounded gates, 
depositing also Within grounded gate trenches 37. In the 
depicted exemplary preferred embodiment, peripheral cir 
cuitry gate material 40 is deposited to a thickness to at least 
?ll, and preferably over?ll, peripheral circuitry trenches 36 
With peripheral circuitry gate material 40, and to at least ?ll, 
and preferably over?ll, grounded gate trenches 37. 

[0048] Referring to FIG. 10, array gate material 34, 
peripheral circuitry gate material 40, and dielectric layer 38 
therebetWeen have been removed selectively relative to and 
outWardly exposes masking material 20 effective to isolate 
the respective gate materials Within the respective trenches 
in masking material 20 and in semiconductive material 11 
Where such are so formed. In the context of this document, 
a selective removal requires removal (for example by etch 
ing or other means) at a rate Which removes one material 
relative to another at 2:1 or greater. In the depicted exem 
plary embodiment, such removing has been effective to 
recess gate materials 34 and 40 Within the depicted trenches 
28, 36 and 37 formed Within masking material 20. Exem 
plary preferred techniques include any one or combination 
of chemical mechanical polishing, resist etch back or timed 
chemical etching. Where, for example, materials 34 and 40 
comprise polysilicon and outer layer 26 of masking material 
20 comprises silicon nitride, an exemplary etching chemis 
try capable of producing the FIG. 10 construction in a timed 
etch includes tetramethyl ammonium hydroxide folloWed by 
exposure to a hydro?uoric acid solution. 

[0049] Referring to FIG. 11, an exemplary higher conduc 
tive layer 42 has been deposited (i.e., a refractory metal, 
other metal, or metal silicide) and polished or etched back, 
folloWed by deposition of an insulative material layer 44 
folloWed by polishing or other etch back of it. Such thereby, 
in one exemplary preferred embodiment, caps recessed gate 
materials 34 and 40 Within masking material 20 With insu 
lative material 44. In one preferred embodiment, insulative 
material 44 is of common composition to that of inner layer 
24 of masking material 20 Where such is formed of insula 
tive material. Accordingly by Way of example only, mate 
rials 44 and 24 might comprise silicon nitride Where material 
26 comprises silicon dioxide, or the reverse in but preferred 
embodiments. 

[0050] Referring to FIG. 12 and in but one preferred 
embodiment, outer layer 26 of masking material 20 has been 
etched selectively relative to inner layer 24 and to capping 
insulative material 44 received over recessed gate materials 
34 and 40. In one preferred implementation, an aspect of the 
invention includes forming gate dielectric material Within 
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the trenches, for example material 32, prior to removing 
silicon nitride of the masking material When such is utiliZed. 

[0051] Referring to FIG. 13 and in but one preferred 
embodiment, insulative material 50 preferably of common 
composition to that of inner insulative material layer 24 of 
masking material 20 has been deposited over substrate 10 as 
shoWn. 

[0052] Referring to FIG. 14, material 50 and material 24 
have been anisotropically etched effective to form insulative 
sideWall spacers 52 about gate materials 34, 40 and 42. 
Some or all of pad oxide layer 22 (When such is utiliZed) 
might be removed earlier or at this point in the process, or 
some might remain as part of the ?nished circuitry construc 
tion. Regardless in one preferred embodiment, aspects of the 
invention include removing at least a majority of the mask 
ing material at some point after at least gate material 34 has 
been deposited. In most preferred embodiments, such meth 
ods of forming ?eld effect transistor gates, ?eld effect 
transistors, and transistor gate arrays and circuitry peripheral 
to the gate array are preferably void of photolithographic 
patterning of any one or combination of gate materials 34, 
38 and 42 after such has/have been deposited. 

[0053] FIG. 14 depicts fabrication of source/drain regions 
56, With such most preferably being formed Within semi 
conductive material 11 of substrate 10. Such might be 
formed by one or a combination of ion implants of suitable 
conductivity enhancing dopant(s) during any of the above 
processing steps. Further of course, other channel, channel 
stopping, or other implants, Whether existing or yet-to-be 
developed, could be conducted during any of the above 
processing. 
[0054] Alternate embodiments are of course contemplated 
With the invention only being limited by the claims as 
literally Worded Without reading limitations from other 
claims, the draWings, or speci?cations into the claims. By 
Way of example only, a feW exemplary alternate embodi 
ments Will noW be described. Referring to FIG. 15, such 
depicts a semiconductor substrate 10a corresponding to or a 
substitute for the FIG. 4 depicted processing With respect to 
the ?rst described embodiments. Like numerals from the 
?rst described embodiments have been utiliZed Where appro 
priate, With differences being indicated With the suf?x “a” or 
With different numerals. FIG. 15 depicts substrate fragment 
1011 Which includes the forming of grounded gate trenches 
3711 through masking material 20 in the array in the same 
masking step in Which array circuitry trenches 28 and 30 are 
formed. Further by Way of example only in the depicted 
embodiment, grounded gate trenches 3711 have been formed 
to extend into the trench isolation regions, such as trench 
isolation region 15. 

[0055] Referring to FIG. 16, gate dielectric material 32 has 
been formed, and gate material 3411 has been deposited to 
Within grounded gate trench 37a. 

[0056] Referring to FIG. 17, subsequent processing has 
occurred to a point of fabrication of anisotropically etched 
insulative sideWall spacers 52 and source/drain regions 56. 
Processing, materials, etc. are otherWise preferably as pro 
vided above in the ?rst described embodiments of FIGS. 
1-14. 

[0057] Further by Way of example only, another exem 
plary embodiment processing With respect to a substrate 
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fragment 10b is described With reference to FIGS. 18 and 19. 
Like numerals from the ?rst and second described embodi 
ments have been utilized Where appropriate, With differences 
being indicated With the suf?x “b” or With different numer 
als. FIG. 18 corresponds in processing sequence to that of 
FIG. 4, and Wherein one or more peripheral circuitry 
trenches 36b have been formed commensurate With forma 
tion of array circuitry trenches 28, 30. Such might be 
advantageously utiliZed Wherein certain transistors of the 
peripheral circuitry and the array circuitry are desired to be 
of the same conductivity type and/or Work function, and/or 
other desired property. 

[0058] FIG. 19 depicts subsequent gate dielectric 32 fab 
rication, gate material 34b deposition, and then subsequent 
patterning of masking material 20b and gate material 34b to 
form, by Way of example only, grounded gate trenches 37b 
and another peripheral circuitry trench 36b. Accordingly, 
some of the peripheral circuitry trenches might be formed 
commensurate With formation of the array circuitry 
trenches. Subsequent processing could occur, for example, 
analogously or otherWise to that depicted and described 
relative to FIGS. 8-14. 

[0059] FIG. 20, by Way of example only, depicts alternate 
exemplary processing With respect to a substrate fragment 
100. Like numerals from the above-described embodiments 
have been utiliZed Where appropriate, With differences being 
indicated With the suf?x “c” or With different numerals. FIG. 
20 depicts processing Whereby array trenches 28, 30 have 
been fabricated using a masking step separate from fabri 
cation of any other line trenches in the depicted cross 
section. Subsequent thereto, grounded gate isolation 
trenches 37 and one peripheral circuitry gate trench 70 have 
been fabricated in a common masking step, and gate mate 
rial 40c deposited thereover. Thereafter, another masking 
has been conducted through masking material 20 and the 
previously deposited gate materials to form another periph 
eral circuitry trench 74. Gate dielectric 71 has been formed 
(for example by any of the above described processes 
relative to gate dielectric material fabrication). Subse 
quently, gate material 76 has been deposited Which may be 
the same or different from any of the above exemplary gate 
materials. Processing could otherWise ideally proceed sub 
sequently commensurate With or different from the above 
described embodiments as depicted and described relative to 
FIGS. 8-14 for example. 

[0060] Aspects of the invention also encompass a method 
of forming ?eld effect transistor gates Which include form 
ing masking material over semiconductive material of the 
substrate, and Where the substrate comprises a trench isola 
tion region. Exemplary embodiments, by Way of example 
only, are those described above. In a common masking step, 
a ?rst trench is formed through the masking material and 
into the semiconductive material and a second grounded 
isolation gate trench is formed through the masking material 
over the ?eld isolation region. Such masking step in one 
preferred implementation comprises photolithography. Fur 
ther in one implementation, the second grounded isolation 
gate trench might be fabricated to extend Within the ?eld 
isolation region during the stated common masking step. 

[0061] Subsequently in a common deposition step, gate 
material is deposited Within the ?rst trench and the second 
trench. Such common deposition step preferably at least 
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?lls, and more preferably over?lls, the ?rst and second 
trenches With the gate material. In one preferred implemen 
tation, at least a majority of the masking material is removed 
after depositing the gate material. In one preferred imple 
mentation, the process is void of any photolithographic 
patterning of the gate material after its deposition. In one 
implementation, the gate material as deposited covers the 
masking material With gate material, and the process further 
comprises removing the gate material selectively relative to 
and exposing of the masking material effective to isolate the 
gate material Within the ?rst and second trenches. 

[0062] In one implementation, an aspect of the invention 
encompasses a method of forming integrated circuitry com 
prising a transistor gate array including ?rst gates and 
second grounded isolation gates. Masking material is 
formed over semiconductive material of a substrate, and the 
substrate comprises trench isolation regions. First trenches 
are formed through the masking material and into the 
semiconductive material for the ?rst gates. Second grounded 
isolation gate trenches are formed through the masking 
material over the ?eld isolation regions for the second 
grounded isolation gates. Gate material is deposited Within 
the ?rst and second trenches. 

[0063] The ?rst and second trenches might be formed at 
the same time or at different times, for example either before 
or after the other. The second trenches might be formed 
Within the ?eld isolation regions or received only outWardly 
thereof. 

[0064] Depositing of the gate material Within the ?rst and 
second trenches might occur in the same deposition step, or 
might occur in different deposition: steps. Further, some of 
the depositing of the gate material Within the ?rst and second 
trenches might occur in the same deposition step, and 
another of some of the depositing of gate material Within the 
?rst and second trenches might occur in different deposition 
steps. Regardless and preferably, depositing of the gate 
material at least ?lls, and even more preferably over?lls, the 
?rst and second trenches With the gate material. Processing 
is otherWise preferably as described above With respect to 
the other embodiments. 

[0065] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
structural and methodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. A method of forming a ?eld effect transistor, compris 
ing: 

forming masking material over semiconductive material 
of a substrate; 

forming a trench through the masking material and into 
the semiconductive material; 

forming gate dielectric material Within the trench in the 
semiconductive material; 
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depositing gate material Within the trench in the masking 
material and Within the trench in the semiconductive 
material over the gate dielectric material; and 

forming source/drain regions. 
2. The method of claim 1 Wherein the masking material 

comprises silicon dioxide received over silicon nitride. 
3. The method of claim 1 Wherein forming at least a 

majority of the gate dielectric material comprises thermal 
oxidation of the semiconductive material Within the trench. 

4. The method of claim 1 Wherein the depositing of the 
gate material at least ?lls the trench in the masking material 
and the trench in the semiconductive material With the gate 
material. 

5. The method of claim 1 Wherein the depositing of the 
gate material over?lls the trench in the masking material and 
the trench in the semiconductive material With the gate 
material. 

6. The method of claim 1 Wherein the source/ drain regions 
are formed Within the semiconductive material of the sub 
strate. 

7. The method of claim 1 comprising removing at least a 
majority of the masking material after depositing the gate 
material. 

8. The method of claim 1 being void of photolithographic 
patterning of the gate material after its deposition. 

9. The method of claim 1 Wherein depositing the gate 
material covers the masking material With the gate material, 
and comprising removing the gate material selectively rela 
tive to and exposing the masking material e?cective to isolate 
the gate material Within the trench in the masking material 
and the trench in the semiconductive material. 

10. A method of forming a ?eld e?cect transistor, com 
prising: 

forming masking material over semiconductive material 
of a substrate, the masking material comprising an 
outer insulative material layer and an inner insulative 
material layer, the outer insulative material layer being 
selectively etchable relative to the inner insulative 
material layer; 

forming a trench through the masking material and into 
the semiconductive material; 

forming gate dielectric material Within the trench in the 
semiconductive material; 

depositing gate material Within the trench in the masking 
material and Within the trench in the semiconductive 
material over the gate dielectric material; 

recessing the gate material Within the trench in the mask 
ing material; 

capping the recessed gate material Within the trench 
Within the masking material With insulative material of 
common composition to that of the inner insulative 
material layer; 

etching the outer insulative material layer selectively 
relative to the inner insulative material layer and to the 
capping insulative material received over the recessed 
gate material; 

after etching the outer insulative material layer, depositing 
insulative material of common composition to that of 
the inner insulative material layer; 
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anisotropically etching the insulative material of common 
composition to that of the inner insulative material 
layer e?‘ective to form insulative sideWall spacers about 
the gate material; and 

forming source/drain regions. 
11. The method of claim 10 Wherein the outer insulative 

material layer is thicker than the inner insulative material 
layer. 

12. The method of claim 10 Wherein the outer insulative 
material layer contacts the inner insulative material layer. 

13. The method of claim 10 Wherein the outer insulative 
material layer is the outermost material of the masking 
material. 

14. The method of claim 10 further comprising another 
insulative material layer received inWardly of the inner 
insulative material layer. 

15. The method of claim 10 Wherein the outer insulative 
material layer comprises silicon dioxide and the inner insu 
lative material layer comprises silicon nitride. 

16. The method of claim 10 Wherein the outer insulative 
material layer comprises silicon nitride and the inner insu 
lative material layer comprises silicon dioxide. 

17. The method of claim 10 Wherein the depositing of the 
gate material at least ?lls the trench in the masking material 
and the trench in the semiconductive material With the gate 
material. 

18. The method of claim 10 Wherein the source/drain 
regions are formed Within the semiconductive material of 
the substrate. 

19. The method of claim 10 being void of photolitho 
graphic patterning of the gate material after its deposition. 

20. A method of forming a ?eld e?cect transistor gate, 
comprising: 

forming a silicon nitride-comprising masking material 
over semiconductive material of a substrate; 

forming a trench through the silicon nitride-comprising 
masking material and into the semiconductive material; 

removing silicon nitride of the masking material after 
forming the trench into the semiconductive material; 

prior to removing silicon nitride of the masking material, 
forming gate dielectric material Within the trench in the 
semiconductive material; and 

depositing gate material Within the trench in the semicon 
ductive material over the gate dielectric material. 

21-29. (canceled) 
30. A method of forming integrated circuitry comprising 

a transistor gate array and circuitry peripheral to the gate 
array, comprising: 

forming masking material over semiconductive material 
of a substrate; 

forming array circuitry trenches through the masking 
material and into the semiconductive material; 

depositing array gate material Within the array circuitry 
trenches in the masking material and Within the array 
circuitry trenches in the semiconductive material; 

after depositing the array gate material, forming periph 
eral circuitry trenches through the masking material; 
and 



US 2007/0178641 A1 

depositing peripheral circuitry gate material Within the 
peripheral circuitry trenches Within the masking mate 
rial. 

31-45. (canceled) 
46. A method of forming integrated circuitry comprising 

a transistor gate array and circuitry peripheral to the gate 
array, comprising: 

forming masking material over semiconductive material 
of a substrate; 

forming array circuitry trenches through the masking 
material and into the semiconductive material; 

depositing array gate material Within the array circuitry 
trenches in the masking material and Within the array 
circuitry trenches in the semiconductive material; 

forming peripheral circuitry trenches through the array 
gate material and through the masking material; and 

depositing peripheral circuitry gate material Within the 
peripheral circuitry trenches Within the array gate mate 
rial and Within the masking material. 

47-60. (canceled) 
61. A method of forming ?eld e?cect transistor gates, 

comprising: 
forming masking material over semiconductive material 

of a substrate, the substrate comprising a trench isola 
tion region; 
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in a common masking step, forming a ?rst trench through 
the masking material and into the semiconductive 
material and forming a second grounded isolation gate 
trench through the masking material over the trench 
isolation region; and 

in a common deposition step, depositing gate material 
Within the ?rst trench and second trench. 

62-69. (canceled) 
70. A method of forming integrated circuitry comprising 

a transistor gate array including ?rst gates and second 
grounded isolation gates, comprising: 

forming masking material over semiconductive material 
of a substrate, the substrate comprising trench isolation 
regions; 

forming ?rst trenches through the masking material and 
into the semiconductive material for the ?rst gates; 

forming second grounded isolation gate trenches through 
the masking material over the trench isolation regions 
for the second grounded isolation gates; and 

depositing gate material Within the ?rst and second 
trenches. 

71-84. (canceled) 


